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(54) ROOM TEMPERATURE LAMINATION OF Li-ION POLYMER ELECTRODE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To establish a method to reduce the 
complication associated with the process of manufacturing electrolytic 
cells. 

SOLUTION: A solution is formed by mixing polyvinylidene difluoride 



homo- polymers with a solvent such as acetone, and with the solution, 
the oversurface of a porous electrode is covered. The covered electrode 
is immersed in a chamber containing denatured ethanol. etc.. so that a 
porous film is formed on the electrode. Then the film-covered electrode 
is dried and positioned confronting other porous electrode, and the film 2 
is placed between the first and second electrodes approximately, 
compressed between the electrodes, and put in dry coupling with the 
other electrode to generate a coupling of good physical performance. 
Otherwise, films 2 may be formed on both electrodes, followed by film 
compression between the two electrodes and a dry coupling of the first 




and second electrodes with each other. As one alternative embodiment, 
the film 2 is formed separately, compressed between the electrodes, and 
put in dry coupling with two electrodes. 
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1. Title of Invention 

ROOM TEMPERATURE LAMINATION OF LI-ION POLYMER ELECTRODES 

2. C 1 aims 

1 . A method of manufacturing an electrolytic cell comprising ttie* steps of: 
placing a porous membrane between a first electrode and second electrode; 
conntpressing the membrane between the electrodes thereby dry bonding the 

membrane to Ihe electrodes. 

2. The method of claim I wherein said step of compressing further comprises 
calendering said membrane and first electrode with said second electrode. 

3. The method of claim 1. wherein the first electrode has a porosity substantially 
between 25-40% and said second electrode as a porosity substantially between 25 to 40%. 

4. The mctliod of claim 1, wherein said step of compressing fiirthcr comprises 
compressing said membrane at least 20%. 

5. The method of claim .1, wherem said membrane initially has a porosity of at least 
50%. 

6. The method of claim 5, wherein said membrane is fomied of a polyvinylidene 
diflouride homopolymer. 



7. 



The method of claim 1, wherein said dry bond has an adhesion force greater than 10 
N/cm*. 
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8. The method of claim 1 further comprising the steps of : 

mixing a polyvinylidene diflouride homopolymer and solvent to fonxi a solution; 
coating said solution on said first electrode; 
coating said solution on said second electrode; 

immeising said first and second coated electrodes in a liquid filled bath thereby 
creating a porous membrane on said first and second electrodes; 
drying the first and second coated electrodes; 

placing the first electrode opposite said second electrode with the respective 
membranes positioned substantially between said first and second electrodes; 

compressing the membranes between the first and second electrodes thereby diy 
bonding said first and second electrodes together, 

9. The method of claim 8 wherein said step of compressing further comprises 
coix^ies&ing said memtsrane at least 25%. 

10. The method of claim 8, wherein said step of creating said porous membranes on said 
first and second electrodes further comprises creating said membranes having a porosity of 
at least 60%. 

11. The method of claim 10» wherein said step of creating said porous membranes on 
said first and second electrodes further comprises creating said membrane on said first 
electrode having a thickness of 50^m to 120^ and said memibrane on said second electrode 
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having a tbuckness of 2S^m to 1 OO^rti. 

12, An electrolytic cell made according to the method of claim 1 1 . 

13.. A method of manufacturing an electrolytic cell comprising the st^s of: 
providing a first electrode coated with a porous membrane; 

placing said membrane and first electrode opposite a second electrode with said 
membrane positioned substantially between said first and second electrodes; and 

compressing the membrane between tlie electrodes thereby dry bonding the 
membrane with said second electrode. 

14. The method of claim 13, further comprising the steps of: 

mixing a polyvinylidene diflouride homopolymer and solvent to form a solution; 

coating said solution on said first electrode; 

inunersing said first electrode in a liquid filled bath thereby creating said porous 

membrane on said first electrode; and 

drying said membrane and first electrode before compressing said membrane and 

first electrode with said second electrode. 

15. The method of claim 13, wherein in said first electrode is a negative electrode and 
said second electrode is a positive electrode. 

16. The method of claim 13. wherein said first electrode is a positive electrode and said 



second electrode is a negative electrode. 
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17. The method of claim 13. wherein the first electrode has a porosity of at least SOVo and 
said second electrode as a porosity of at least 25%. 

18. The method of claim 13, wherein said step of compressing iurther comprises 
calendering said membrane and first electrode with said second electrode, 

19. The method of claim 15, wherein said step of compressing further comprises 
compiessing said membrane at least 20%. 

20. The method of claim 13, wherem said step of creating a membrane further comprises 
creating a membrane initially having a porosity substantially of at least 50%. 

21. Theiiietfaodof claim 20, wherein said stq) of creating a membrane further compr^ 
creating a membrane having a thickness at least 50^. 

22. The method of claim 13, wherein said dry bond has an adhesion force greater than 10 
N/cm'. 

23 . An electrolytic cell made according to the method of claim 13, 

24. A method of manufacturing an electrolytic cell comprising the steps of: 
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placing a first porous membrane between a first electrode and second electrode; 
placing a second porous membrane between said second electrode and a third 
electrode; 

compressing said first membrane and said second membrane between said first and 
second electrodes and said second and third electrodes, respectively, thereby dry bonding 
said first membrane and saiid second membrane to said first and second electrodes and said 
second and third electrodes, respectively. 

25. The method of claim 24. wherein said first and Uiird electrodes are positive and said 
second electrode is negative. 

26. The method of claim 24, wherein said first and third electrodes are negative and said 
second electrode is positive, 

27. The method of claim 24. wherein said dry bond has an adhesion force greater than 10 
N/cm'. 

28. An electrolytic cell made according to the method of claim 24. 

29. A method of manufacturing a lithium secondary cell including a microporous 
polyvinylidene diflouride homopolymcr (PVdF) membrane comprising the steps of: 

providing a lithium based electrode; 

placmg the P VdF.membrane on said electrode; and 
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compressing said electrode and membrEine, wherein said electrode and the 
PVdF membrane are dry bonded with an adhesion force of at least 10 N/cm^. 



30. The method of claim 29, wherein the step of compression compresses said membrane 
to at least 70 percent of its original thickness. 

31. A Lithium ion cell manufactured according to the method of claim 29. 

32. A method of manufactoring a lithium secondary cell including a micioporous 
polyvinylidene diflouride homopolymer (PVdF) membrane comprising the steps of: 

providing a lithium based electrode; 

coating said electrode with a first PVdF membrane; 

placing a second PVdF membrane on first PVdF membrane; and 

conspressing said electrode coated PVdF membrane and said second PVdF 
membrane, whCTein said electrode coated PVdF membrane and said second PVdF 
membrane arc dry bonded with an adhesion force of at least 10 N/cm*. 

33. The method according to claim 32, wherein said step of compressing compresses said 
first and second mensbranes to at least 70 percent of their oxiginal.tfaicknsss. 

34. A Lithium ion cell manufactured according to the method of claim 32. 
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3. Detailed Description of Invention 

The present invention relates generally to electrolytic cells comprising a 
polymeric sqjaralor positioned between an anode and a cathode and in particular to room 
temperature lamination of Litfaium-ion polymer electrodes for electrolytic cells. 

Various processes are used in the manufacture of electrolytic cells such as 
those for use in Li-ion batteries. Li-ion batteries are commonly used for rechargeable battery 
applications and can be found in many portable electronic devices, such as cellular phones. 
In conventional Uthiuin ion cells v/ith free liquid eleclrolyle, the 
electrode/separatof/electrode structure is held together by winding die slructuic into a roll. 

In other lithium ion polymer cells the clectrode/separator/electrodes structure 
is convcntionaliy accomplished by either chemical or hydrogen bonding between the 
polymer constituents in the electrodes and the separator, respectively. Such cells are also 
constmcted by lamination of electrode and electrolyte film cell elements. The separator or 
membrane is positioned between the positive and negative electrodes. The anode, 
membrane, and cathode are then laminated together. However, a suitable bond should bo 
provided between the anode, membrane, and cathode or the electrode will rapidly break 
down under use, reducing the life and performance of the battery. 

As described above, different bonding techniques are used to create battery 
cells and electrodes. According to one such method, an adhesive is used with the membrane 
to bind the elements of the electrode together. However, this method has many parameters 
that must be monitored and are difilcult to control in an. industrial manufacturing setting 
making such a process costly to implement In addition, the adhesive can dissolve and break 
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down the membrane causing it to collapse. This results in a higher cell impedance, bad 
power performance, and lower capacity of the cell. 

Another process that is used is described in U.S. Patent No. 5,720,780, for 
example. According to this method a binder of a suitable polymer, such as a polyvinylidene 
difluoride (PVdF) homopolymer is used with a lillcr material such as silica or aluminum. 
An appropriate plasticizer is mixed into the binder and filler materials, and the resulting 
structure is hot pressed into a freestanding sheet. This process requires an extra step of 
heating, in addition to the later process step of removing the plasticizer, that necessitates 
careful control of a number of manufacturing process variables and conditions. 

Another method for manufacturing a battery cell having a solid electrolyte 
laminated onto a porous electrode structure is described in U.S. Patent No. 5,700,300. The 
patent describes a three step process for electrolyte deposition. A surplus of electrolyte pre^ 
wet material, having a relatively low viscosity, is lay^ed onto a dry, porous electrode. 
Surplus pre-wet material is mechanically removed from the surface of ttie electrode. The 
pie-w^ solution is allowed to absorb into the porous electrode, and the sur&ce is coated 
with a high-viscosity electrolyte precursor. Curing or further processing is accomplished 
with standard methods. The'battery can be formed by laminating a current collector/anode 
sheet to the surface of the electrolyte of the current collector/cathode/electrolyte laminate. 

U-S. Patent No. 5,593,462 describes a process of extruding a cathode on a 
metalized support film, followed by extruding the electrolyte on an assembly. A lithium 
anode is then extruded on a support film and the two complexes are then calendered 
together. 
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Although these two methods do not require the step of heating or the use of 
an adhesive, they do utilize a wet electrolyte. As a . result, both methods have a weak 
bondings such as hydrogm bonding, to hold the laminated structure together, instead of 
creating a physical bond. Because a weak bond is used, cracking or pealing of the laminate 
structure may occur during use thereby reducing the life and operating efficiency of a battery 
made from these mettiods. In addition, the manufacturing conditions for these methods, 
such as room humidity, must be carefully monitored and controlled adding to the cost of 
production using this method. 

SUMMARY 

It is therefore an object of the invention to reduce the complexity associated 
with processes for manufacturing electrolytic cells. 

It is another object of the invention to provide a laminated structute tliat does 
not require added adhcsives while providing a strong physical bond between the laminated 
layers. 

According to an exemplary embodiment of the present invention the 
foregoing and other objects are accomplished through implementation of a room temperature 
laminating process. 

According to a fust eanbodiment of the method, a polyvinylidene diflouride 
homopolymer and solvent are mixed together to form a solution. The solution is coated on 
an electrode. The electrode is immersed in a bath thereby creating a porous membrane on 
the electrode. The membrane coated electrode is then dried. After drying, the membrane 
coated electrode is placed opposite another electrode with the membrane positioned 
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substantially between said first and second electrodes. The membrane is compressed 
between the electrodes, dry bonding the membrane with the other electrode thereby forming 
a good physical bond. 

According to another embodiment of the invention a polyvinylidene 
diflouridc homopolymcr is mixed with solvent to form a solution. The solution is coated on 
a first and a second electrode. The first and second coated electrodes are immersed in a bath 
thereby creating a porous membrane on the electrodes. The electrodes are dried. The first 
electrode is placed opposite the second electrode with their respective membranes positioned 
substantially between the electrodes. The membranes are then compressed between the first 
and second electrodes thereby dry bonding said first and second electrodes together. 

According to yet another embodiment of . the invaition a polyvinylidene 
diflouride homopolymer and solvent are mixed together to fonn a solution, A membrane is 
formed by immersing said solution in a bath. The membrane is dried and then placed 
substantially between two electrodes. The membrane is then con^resised between the 
electrodes thereby dry bonding the membrane with said two electrodes- 

The foregoing and other features, objects, and advantages of the invention 
will be better imderstood by reading the following description in conjunction with the 
drawings « 
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DETAILED DESCRIPTION ; 

The various features of the invention will now be described with respect to 
the figures, in which like parts are identified with the same reference characters. 

An electrochemical cell or battery of the present invention has a negative 
electrode and a positive electrode. A membrane is formed between the two electrodes. An 
ion-conducting electrolyte provides ion transfer from one electrode to the. other. For 
example, accoiding to one embodiment for a Lithium ion battery^ lithium ions from a source 
electrode move between th© cell electrodes thereby charging and discharging the battery. 
According to one " prefenred embodiment of the mvention, the negative electroTde is 
approximately 120pm thick supported with a ISjim thick: copper foil; the positive electrode 
is approximately 90jim thick supported with a lOfim thick aluminum foil. 

According to an embodiment of the present invention, a polyvinylidene 
diflouride (PVdF) homopolycr is used to form a porous membrane. P VdF is a solid at room 
temperature; however, by blending the PVdF with a solvent, euoh as Acetone, a liquid 
solution is formed. One skilled in the art will appreciate that olhet solvents may also be 
used, such as, Tetrahydrofuran, Methyl Ethyl Keton, Dimethyl Formamide, Dimethyl 
Acetamide, Tetramethyl Urea, Dimethyl Sulfoxide, Triethyl Phosphate, Trimethyl 
Phosphate, N-Methyl Pyrrolidine. 
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According to an erabodiment of the invent! on, . the porous membrane can be 
fonned as follows. 19wt% PVdF homopolymer, for example, Kynar 301 F, (available from 
Elf Alochem, King of Prussia, Pennsylvania), is dissolved in 81 wt% Acetone, HPLC grade, 
(available from Aldrich, Milwaukee, Wisconsin) in a hermetically sealed container. The 
solution is then stirred at 60''C. One skilled in the art will appreciated that a mixture of 
different solvents can also be used to dissolve the PVdF in order to control the morphology 
of the final product. 

According to an exemplaiy embodiment of the invention, the PVdF/acctonc 
solution is coated on a composite graphite negative electrode. The negative electrode should 
have a porosity substantially between 25 to 40 percent The PVdF/acetone solution may be 
applied by any of a number of known methods. According to one embodiment, a knife 
coater is used to coat the electrode. Alternatively, it may be extruded to coat flie electrode at 
a substantially uniform thickness through use of a doctor blade, Meyer rod, or slot die, for 
cxan^le. 

The negative electrode, coated with the PVdF/acetone solution, is then placed 
in an immersion bath. Acoozding to one preferred embodiment, the bath contains denatured 
ethanol (available from Ashland Chemicals, Charlotte, North Carolina). Other immersion 
liquids that can be used in this process, though not exhaustive, are Hexane, Pentane, 
Benzene, Toluene, Methanol, Ethanol, Carbon Tetrachloride, o-Dichlorobenezcnc, 
Trichloroethylene, and water. In addition, different mixtures of these hquids and the 
solvents listed above maybe used if the overall composition of the bath is a non-solvent. In 
this way, the amount of non-solvent in the bath can be used to regulate the time required to 
form the membrane,, which wHlll also control the fmal morphology of the membrane. In this 
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embodiment^ the coated electrode is immersed for at least 30 seconds in the ethanol bafh« 
According to this process, once the coated electrode is placed in the bath, the ethanol 
replaces the acetone in the PVdF solution. By removing the acetone there is nothing to keep 
the PVdF in a liquid state and a membrane with a highly porous structure of PVdF is 
precipitated out of the solution. As a result the electrode is left coated with a porous 
membrane of PVdF. 

The negative electrode and PVdF membrane are then removed from the bath 
and allowed to dry. Drying can be accomplished using air or heat, or combination thereof. 
According to one "prefenred embodinient the electrode can be dried in a convection oven with 
ambient temperature set to lOO^'C. The porosity of the dried membrane should be between 
60 and 80 percent with a thickness of 40jim to llOjira. According to one preferred 
embodiment, the thickness should be between 60^m to 90|im. 

The dried negative electrode-membrane structure is then cat into a rectangle 
approximately 83mm one and 43mm wide. A composite positive clecbrode based on 
LiCoOa. LiNiOi LiMn204, alloys thereof, or other Lithium intercalating compounds, having 
a porosity substantially between 25-40 percent is cut into rectangles 8 1 mm long by 41mm 
wide. One skilled in the art will appreciate that other dimensions could be used as 
determined by the specific application, or both the electrodes and the membrane can be 
laminated together as continuous webs. 

Turning to Figs. 1 A and B, the positive electrode plate 1 is then placed on top 
of the negative electrode 3-membrane 2 structure with the membrane 2 positioned between 
the electrodes I and 3. A 1mm clearance "A" between the edge of the positive electrode I 
and the negative electrode 3 is provided all the way around the perimeter of the rectangular 
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structure as shown in Fig. IB. One skilled in the art will appreciate, that other clearances can 
be used depending on the requirements of the actual manufacturing process. 

As shown in FIG. 2, the stacked positive electrode (l)-membrane (2)-negative 
electrode (3) is then placed in a laboratory calender 10, such as a Accunip manufactured by 
KRHNRolls, Inc, Orange, Massachusetts, and calendered together. According to this 
exemplary embodiment, the gap of the calender 10 should be adjusted such that the 
membrane is compressed to substantially 15 to 75 percent of its original thickness, according 
to one preferred embodiment 25 to 70 percent, thereby causing a dry bond to be fonned 
between the porous membrane 3 and the positive electrode 1. According to this 
embodiment a dry bond with an adhesion force of 20 to 38 N/on' may be obtained with best 
adhesion values reached with a compression ratio of 70 percent 

A dry bond is a physical bonding of the membrane stmcture with the 
electrode. The porosity of tiie membrane arul the porosity of the electrode allow for cross- 
penetration of the membrane and electrode, which combined with the deformation caused by 
the calendering, physically canss-links the two stntctuccs. As a result, adhesion forces of 12- 
40 N/cm* may be obtained In addition, the bonding is dry without out the need of any 
chemical reaction or atomic bonding. As a result, a strong physical bond is formed that 
resists the cracking and pealing ajssodtated with other prior lamination techniques. 
Furthermore, because the bonding is dry» there is no need for careful monitoring and control 
of room conditions during the lamination process, and no plasticizer or volatile compounds 
have to be removed. 
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According to another embodiment of the invention^ the positive electrode 
may be coated as described above instead of the negative electrode. The positive electrode- 
membrane-electrode structure can then be calendered as described above. 

According to an alternative embodiment of the invention* the membrane is 
coated on both the positive electrode and negative electrode, in a manner similar to that 
described above for the negative electrode. In this embodiment, the membrane has a 
porosity between 60 and 80 percent with a thickness of 25\xm to 75|im. The positive 
electiodc^mcmbranc is then cut into rectangles Slmm long by 4lmm wide and the negative 
mcmbrme-eiectrodc is c^ 83mm long by 43inm wide. One skilled in the art 

will appreciate that other dimensions could be used as determined by the specific 
application. 

The positive membrane coated elesctrode is then placed on the negative 
membrane coated electrode with the membrane coatings facing each other. Tlie positive 
electrode-membran&-membrane-ncgativc electrode structure is then calendered. The gap of 
the calender according to this embodiment should be adjusted so that the membranes are 
compressed to 25-70 percent of their original thickness and according to one preferred 
embodiment to 35 to 50 percent. This causes the membranes to physically bond together 
fonning and fonn a dry bond with an adhesion force ranging from 12-33 Wcm\ In this 
embodiment, the best values can be reached witii a compression ratio of approx. 40 percent 
Accoiding to yet another alternative embodiment of the invention, a free 
standing membrane may be formed separately using the immereion bath technique 
previously described. According to this method the membrane can be formed on a non- 
woven web, polypropylene sheet, or Mylar fihn, for example. The porosity of the membrane 
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should be between 60 to 80 percent. A positive electrode having a porosity between 25-40 is 
cut into a rectangle Slmzn long by 41niin wide and a negative electrode having a porosity 
between 30-40% is cut into a rectangle 83mm long by 43mm wide. The membrane is also 
cut into an 83mm long by 43nrmi wide rectangle. The membrane is place on the negative 
electrode and the positive electrode is placed on the membrane. The positive elecirode- 
mcmbrane-ncgative electrode structure is then calendered together. The gap of the calender 
according to this embodiment should be adjusted so that the membrane would be 
compressed to 15-70 percent of their original thickness and according to one preferred 
embodiment to 40-70 percent. This causes the membrane to physically bond to the positive 
and negative electrodes. 

In another alternative embodiment of the invention, according to the 
prccKses described above, othsr cells structures can be ai±ieved as shown if FIGS. 3 A and 
3B. For example, a positive electrode /membrane Aiegative electrode /membrane ^^ositivc 
electrode (FIQ. 3A)» or a negative electrode /membrane /positive electrode Membrane 
/negative electrode structure, can be achieved (FIG. 3B), According to this embodiment two 
negative or two positive electrodes are coated with a porous membrane. A positive or 
negative electrode is then placed substantially between the coated negative or positive 
electrodes, respectively, with the membranes facing the placed positive or negative 
electrode. The positive electrode /membrane /negative electrode /membrane /positive 
electrode or tihe negative electrode /membrane /positive electrode /membrane /negative 
electrode arc then calendered together as described above. 

Alternatively, the positive electrode, membrane, negative dectrode, 
membrane, and positive electrode or a negative electrode, membrane, positive dectrode, 
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membrane, and negative electrode may be individually stacked in the correBpcnding 
structure and then calendered together as described above. Similarly, according to this 
another embodiment two negative or two positive electrodes are coated with a porous 
membrane, A positive or negative electrode are also coated and then placed substantially 
between the coated negative or positive electrodes, respectively, witti the membranes of the 
electrodes facing each other. The structure may then be calendered together. Also, a 
membrane can be coated on both sides of a negative electrode and placed substantially 
between two positive electrodes. The structure may then be calendered together. In addition, 
a membrane can be coated" on both "sWs of a p^^^^^^ electrolle^-d- placed substantially 
between two negative electrodes. The resulting structure may then be calendered together. 

One skilled in the art wll appreciate that although the processes for room 
temperature lamination above have been described by way of calendering the electrode 
membrane structure, other lamination techniques could also be used that compress the 
membrane accordmg to the embodunents previously described. For example, two sheets of 
electrodes with a membrane therebetween can be placed in a static press and then pressed 
together. 

According to the various embodiments of the present invention, a diy 
lamination can be obtained at room temperature without the need for heating, adhesivcs, or 
carefuUy regulated room conditions as required in prior techniques. This results in a quicker 
and more cost eflective method for creating cells. In addition, a physical bond between the 
membrane and electrode is obtained thereby resisting cracking or pealing and providmg a 
longer life to any cell. In addition, cell capacity can be maintained. 
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Finally, it is noted that although heating is not required in order to form a 
good dry bond according to the above described embodiments, nothing in the various 
embodiments . of the present invention preclude using heating in combination with the 
disclosed methods. For example, in the case of membrane to membrane bonding, using a 
high compression ratio at a high temperature can increase adhesion forces from 26 to 33 
N/cm^ Additionally, curing at high temperatuje may also be used in conjunction with the 
various embodiments of the invention to provide better adhesion forces in some cases. 

The present invention has bccai described by way of example, and 
modifications and variations of the exemplary embodiments will suggest themselves to 
skilled artisans in this field without departing from the spirit of the.inventiotL The prefeaed 
embodiments are merely illustrative and should not be considered restrictive in any way. 
The scope of the invention is to be measured by the appended claims, rather than the 
preceding description, and all variations and equivalents which fall within the range of the 
claims are intended to be embraced therein. 
4* Brief Description of Drawings 

FIGS. lA and IB show an exemplary clectrode-membrane-electrode 

structure. . 

PIQ. 2 shows an exemplary room ten:q)eracure lamination of electrode- 
membrane-electrode structure according one embodiment of the invention , 

FIGS. 3 A and 3B show an exemplary electrode-membrane-electrodc- 
membrane-electrodc structure. 

Fig. 1 A 

FIG.1A 

1 
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FIG.3B 
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1. Abstract 

According to an exemplary embodiment a polyvinylidene diflouride 
homopolymer and solvent, such as acetone, arc mixed together to form a solution. 
The solution is coated on a porous electrode. The coated electrode is immersed in a 
bath, such as denatured Ethanol» thereby creating a porous membrane on the 
electrode. The membrane coated electrode is then dried. After drying membrane 
coated electrode is placed opposite anotho: porous electrode with the membrane 
positioned substantially between the first and second electrodes. Tbe membrane is 
compressed between the electrodes dry bonding the membrane with the other 
electrode thereby forming a good physical bound. Alternatively .the membrane may 
be formed on both electrodes and the mocnbranes are then compressed between the 
electrodes thereby dry bonding the first and second electrodes together. In yet 
another embodiment the membrane may be formed separately then compressed 
between the electrodes thereby dry bonding the membrane with the two electrodes. 

2, Representative Drawing 
Fig. lA 



